Chemical doping offers promise as a means of tailoring the electrical characteristics of organic molecular compounds. However, unlike for inorganic semiconductors used in electronics applications, controlling the influence of dopants in molecular complexes is complicated by the presence of multiple doping sites, electron acceptor levels, and intramolecular correlation effects. Here we use scanning tunnelling microscopy to analyse the position of individual Li dopants within Cuand Ni-phthalocyanine molecules in contact with a metal substrate, and probe the charge transfer process with unprecedented spatial resolution. We show that individual phthalocyanine molecules can host at least three distinct stable doping sites and up to six dopant atoms, and that the ligand and metal orbitals can be selectively charged by modifying the configuration of the Li complexes. Li manipulation reveals that charge transfer is determined solely by dopants embedded in the molecules, whereas the magnitude of the conductance gap is sensitive to the molecule-dopant separation. As a result of the strong spin-charge correlation in confined molecular orbitals, alkali atoms provide an effective way for tuning the molecular spin without resorting to magnetic dopants. E lectron doping of organic semiconductors constitutes an effective strategy for enhancing the performances of organic optoelectronic devices 1 and fabricating materials with exotic electronic properties 2 , such as organic superconductors 3,4 and Mott-Hubbard antiferromagnets 5 . In many cases, doping is achieved by the intercalation or co-deposition of alkali metals with molecular complexes, which can lead to greatly increased conductivity 6-8 , better carrier injection efficiency from metal electrodes 9 and improved electroluminescent properties 10 . The family of metal-phthalocyanines (MPc), a class of macro-cyclic planar polyconjugated molecules, represents one of the best candidates to study the effects of chemical doping on organic systems and metal-organic contacts [11][12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The great chemical stability and distinctive optical and electrical properties make them equally appreciated for technological applications, including organic field effect transistors 23,24 , light emitting devices 10,25 and photovoltaic cells 26 , as well as for fundamental studies [11][12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
and the conduction electron bath of a metal interface, which determines the low energy spectrum of the molecules and their conductivity, remains an open issue. As a metallic substrate can play the dual role of charge donor towards the molecules and acceptor for the dopants, this interplay needs to be addressed in detail.
Here, by performing scanning tunnelling microscopy (STM) and spectroscopy experiments and ab initio electronic structure calculations, we investigate the charge transfer process in controlled doping sequences of CuPc and NiPc deposited on an Ag(100) substrate. We identify distinct doping sites, unequivocally relating the dopant position to the filling of specific molecular orbitals, and show that, depending on the doping configuration, a molecular charge (Q) and spin (S) of Q = 1 and 2 electrons, and S = 0,1/2, can be obtained for a single donor atom. By manipulating Li atoms one-by-one, we show that a single molecule can accomodate up to six dopants. However, in spite of the fact that the doubly degenerate lowest occupied molecular orbital of CuPc and NiPc can be filled with up to four electrons in thick MPc films 19, 20 , we find that charge transfer is limited to Q = 2 due to the presence of the metallic substrate. The latter acts as an electron sink to doped molecules, whereas it acts as an electron donor to undoped species. Finally, we show that long-range electrostatic interactions can also affect the electronic structure of MPc, as Li adatoms located as far away as 3 nm from the centre of the molecules modify the gap between the highest occupied and lowest unoccupied molecular orbitals.
Formation of Li x MPc complexes
CuPc and NiPc molecules were deposited on a clean Ag(100) surface by thermal evaporation in ultra-high-vacuum. Doping was performed by dosing submonolayer amounts of Li at 5 K on the same surface. Figure 1a shows an STM image of Li atoms co-adsorbed with CuPc. The undoped molecules exhibit a typical four-leaf structure originating from the four isoindole ligands that form the aromatic Pc macrocycle. Each 'leaf' presents a characteristic asymmetric intensity due to the rotation of the ligand axes relative to the high symmetry directions of the substrate, which gives rise to a chiral adsorption geometry 29, 30 . The centre appears as a depression owing to the planar symmetry of the Cu 2+ d-states near the Fermi level (E F ), which have a very low tunnelling probability to the STM tip. Figure 1a reveals the presence of several molecules with distinct topographic features compared to CuPc, which we attribute to the spontaneous uptake of Li atoms. The most common complexes, constituting more than 75% of the total number of doped species, are those labelled LiCuPc-L A and LiCuPc-M. The first type presents a bright double-lobe structure in correspondence of a benzene ring and a dark centre. The LiCuPc-M type, on the other hand, presents a bright centre and four symmetric ligands. The modified topography of the molecules can be directly associated to the position of the Li dopants on ligand and metal sites, respectively, as shown in the diagrams in Fig. 1b ,c. Moreover, by manipulating the Li atom of a LiCuPc-L A complex with the tip of the STM, we find that a third stable doping site exists next to the aza-N atoms, which we label as LiCuPc-L B (Fig. 1c ). These experimental findings are corroborated by density functional theory (DFT) calculations of several LiCuPc and LiNiPc bonding configurations ( Fig. 2 and Supplementary Information). The configurations with the lowest adsorption energy of Li correspond to L A , L B , and M. Furthermore, total energy calculations and simulations of the STM topography suggest that the Li atom in the LiCuPc-L A complex is located between the benzene ring and the Ag surface rather than on top ( Fig. 2 and Supplementary Fig. S3 ). Other configurations have also been observed in rare instances ( Supplementary Fig. S1 ).
Selective charge and spin doping of molecular orbitals
The adsorption and electronic structure of CuPc and NiPc on Ag(100) has been extensively characterized in previous studies [29] [30] [31] [32] .
This allows us to focus on the effects of doping and, in particular, to correlate the dopant position to the charge transfer and distribution within the molecules. We performed differential conductance (dI /dV ) measurements to probe the electronic structure of the different complexes, namely the local density of states at the position of the STM tip (see Methods for more details). We recall that undoped CuPc on Ag(100) have a triplet ground state given by the coupling of the Cu spin (S M ) to a ligand spin (S L ) induced by charge transfer from the substrate, which resides in a 2e g orbital 14 . We refer to this state as having charge Q = 1 (relative to gas phase CuPc) and total spin S = S M + S L = 1 (Fig. 3 ). The dI /dV spectra of CuPc reflect the single occupancy of the 2e g orbital as one conductance peak below E F , labelled '2e g ' in Fig. 3a , and its unoccupied counterpart '2e g + U' above E F , separated by the Coulomb energy U that corresponds to the energy cost of placing two electrons in the same orbital. Spatial maps of the dI /dV intensity, reported in Fig. 3b , confirm that the 2e g and 2e g + U states have overlapping intensity and identical symmetry, as expected. At low temperature, the 2e g ligand spin is screened by Ag electrons through the Kondo effect, which gives rise to the sharp resonance observed at E F .
The doped species present a very different electronic structure compared to CuPc. We discuss first the case of Li attached to ligand sites, taking LiCuPc-L A as a representative example. Interestingly, all the L-type configurations present very similar dI /dV spectra, leading to the conclusion, also supported by theory, that the charge transfer process is approximately the same in all the cases where Li dopants interact primarily with the aromatic Pc ring ( Fig. 2c and Supplementary Fig. S1 ). The dI /dV spectrum of LiCuPc-L A reveals a multiple peaked structure below E F , labelled α 2eg , and a shallow peak above E F , labelled β 2eg . Unlike the 2e g orbital in CuPc, spatial maps of the occupied α 2eg and unoccupied β 2eg features show two non-overlapping intensity profiles, each oriented along a single ligand axis ( Fig. 3c ). According to their symmetry, these orthogonal molecular orbitals originate from the splitting of the doubly degenerate 2e g orbital of CuPc induced by Li. DFT calculations of the charge distribution confirm this assignment ( Supplementary  Fig. S2 ). The equally spaced multiple peaks observed for the α 2eg resonance correspond to vibronic excitations (see Supplementary Information), indicating partial decoupling of the doped complex from the substrate 33 . The vanishing intensity of the α 2eg peaks approaching E F and the absence of its Coulomb pair above E F indicate that the α 2eg orbital is fully occupied. With two electrons occupying one of the formerly degenerate 2e g states of CuPc, LiCuPc-L A is thus doubly charged. Moreover, the pairing of the electron spins in the α 2eg orbital leads to S L = 0, in agreement with the disappearance of the Kondo resonance at E F (Fig. 3a ). DFT calculations, on the other hand, show that the Cu spin remains unperturbed, as charge transfer is restricted to the α 2eg orbital ( Supplementary Table SI ). Therefore, Li doping at ligand sites leads to a Q = 2, S = 1/2 configuration. LiCuPc-M differs from both CuPc and LiCuPc-L A . For this complex, a single peak is observed above E F (Fig. 3a ), which we assign to an unoccupied 2e g resonance because of its four-fold symmetry about the ligand axes ( Fig. 3d ), similar to that of the unoccupied 2e g states of CuPc. The higher intensity at the centre is due to the presence of the Li atom at this site. The absence of occupied 2e g peaks indicates that Li dopants at M-sites inhibit electron transfer from the substrate to ligand orbitals, leading to S L = 0. Although STM provides no access to the Cu states near E F (ref. 30) , our DFT calculations clearly show that Li transfers one electron to the b 1g orbital, the molecular state that originates from the hybridization of the Cu d x2−y2 and N 2p states, as shown by the spin-resolved projected density of states of LiCuPc-M compared to CuPc and LiCuPc-L A (Fig. 2e ). This leads to a nonmagnetic complex with Q = 1 and S M = S L = 0. Note that the larger charge transfer obtained by DFT ( Fig. 2c and Supplementary Table SI) corresponds to an excess of charge in the 2e g states arising from the well-known problem of treating correlation in delocalized orbitals with this method 34 . For the same reason, the splitting (U ) of
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Changing Cu for Ni and Li for K
MPc with different metal ions are believed to behave differently on doping 20 . Here we investigate this effect by replacing CuPc by NiPc. This choice is motivated by the fact that, aside from the singlet ground state of the Ni 2+ ion, the electronic structure as well as the substrate-induced charge transfer for the two species are very similar 31 . From the analysis of the STM images, we observe that the L-type position of the Li dopants is the same in NiPc and CuPc. However, M-type species are rare and appear fuzzy at the centre ( Supplementary Fig. S1d ), suggesting an unstable bonding configuration between Li and Ni atoms that can be easily perturbed by the STM tip. This fact can be qualitatively explained by the smaller electronegativity of Ni compared to Cu and is reflected also by the much larger total energy computed for LiNiPc-M relative to the L-species (Fig. 2b ) as well as by the higher energy of the b 1g states of NiPc relative to CuPc ( Fig. 2e ). Figure 4 shows the dI /dV spectra and maps of NiPc, LiNiPc-L A , and Li 2 NiPc-L A . The undoped molecule presents a spectrum that is very similar to CuPc, with a singly occupied 2e g orbital below E F , Kondo resonance, and unoccupied 2e g + U state. Charge transfer in LiNiPc-L A , in contrast, differs significantly from LiCuPc-L A despite the equivalent position of the Li donor. The two sharp peaks that appear on either side of E F (Fig. 4a ) both have the symmetry of the α 2eg state (Fig. 4b ). The orthogonal β 2eg state appears at higher positive bias and is thus fully unoccupied. Therefore, LiNiPc-L A has charge Q = 1 as opposed to Q = 2 as for LiCuPc-L A , where the α 2eg orbital is doubly occupied. This effect is attributed to the smaller electron affinity of the NiPc adsorbate, which is also reflected by the smaller uptake of charge estimated by DFT for NiPc relative to CuPc ( Supplementary Table SI ). The absence of a Kondo resonance in LiNiPc-L A related to the unpaired α 2eg electron is consistent with the sharpness of the α 2eg peaks and the presence of vibronic satellites, indicating electronic decoupling from the substrate.
A Q = 2 state can be induced by doping LiNiPc-L A with an additional Li atom. The Li 2 NiPc-L A complex has a fully occupied α 2eg orbital and a remarkably similar dI /dV spectrum compared to that of singly doped LiCuPc-L A (Fig. 4a,c) . This results in an equivalent electronic configuration of the Pc ring for these two species despite the fact that Li donors supply most of the excess charge in Li 2 NiPc-L A , whereas the Ag substrate contributes almost one electron to LiCuPc-L A . Interestingly, the same charge state can be reached by doping NiPc with a single K atom (Fig. 4a ). This agrees with the intuitive concept that the heavy alkali metal atoms are more effective electron donors, even in the presence of the charge reservoir represented by the metallic substrate. Keeping in mind that Ni is diamagnetic in NiPc and that charge transfer to the metal orbitals is negligible for the L-type complexes (Fig. 2c ), the correlated charge and spin configurations of LiNiPc-L A and Li 2 NiPc-L A correspond to Q = 1, S = 1/2, and Q = 2, S = 0, respectively.
Doping limit of single MPc
An important issue to optimize the doping process of organic semiconductors and metal-organic interfaces is the maximum number of dopants that can be hosted by a single molecule versus their combined effect in terms of the amount of transferred charge and perturbation of the orbital energies. Evidently, the answer to this question depends on the type and size of each molecule. Nevertheless, the results presented here are relevant for the MPc family and reveal general trends for metal-organic interfaces that may be extrapolated to other systems. As seen in Figs 1a and 4c, ligand sites can host more than one Li dopant. However, owing to the low coverage of Li required by this study, the spontaneous formation of higher-doped species is extremely unlikely. We thus resorted to the STM manipulation of Li adsorbates to induce the formation of Li x CuPc complexes atom-by-atom. A similar strategy, consisting in dragging the molecules over the dopants rather than vice versa, has been employed to investigate Kdoped C 60 complexes 35 . The complete manipulation sequence
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of Li x CuPc is reported in the Supplementary Fig. S5 . Figure 5a shows that CuPc with up to six Li dopants forms stable Li x CuPc complexes. We observe that the first complex formed in this way corresponds to LiCuPc-L A , where the Li atom is attached to the benzene ring lying along the lateral approach direction of the STM tip. The second one corresponds to Li 2 CuPc-L A , with the additional Li atom occupying the benzene site opposite to the first one. This seems to be the most stable double doping configuration, as we never observed complexes with Li atoms occupying adjacent benzene sites. Although the position of the additional dopants cannot be determined with high accuracy, also the third and subsequent dopants seem to prefer either benzene or pyrrole sites lying on the same axis and avoid empty rings adjacent to filled ones. Figure 5b shows the dI /dV spectra as a function of the number of Li atoms. Remarkably, the absence of peaks crossing the Fermi level beyond x = 1 indicates that the charge transferred to the molecules saturates at Q = 2. This state, as mentioned before, is already reached in LiCuPc-L A with the filling of the α 2eg orbital with electrons coming from the substrate and a single Li dopant. The interaction with additional Li atoms affects only the energy of the α 2eg orbital, increasing the α 2eg -β 2eg energy gap (Fig. 5c ) and inhibiting further charge transfer to the β 2eg state. The energy shifts of the α 2eg orbital are linear with x whereas the β 2eg energy remains approximately constant, which suggests that the Q = 2 state with all the dopants aligned along the same ligand axis is further stabilized by electrostatic interactions. As a consequence, we find a 100% increase of the gap, from 0.55 to 1.17 eV, as measured using the onset of the peaks (Fig. 5c ). Such strong variations due to local electrostatic interactions could play an important role in defining the homogeneity of the energy gap of doped organic semiconductor interfaces. Moreover, these results highlight the differences and similarities between the doping of molecular crystals and metal-organic interfaces. On the one hand, the (lifting of degeneration and corresponding) energy gap opening at Q = 2 can explain the phase separation between K 2 MPc and K 4 MPc complexes observed in bulk-like films of FePc (ref. 36 ), CuPc (ref. 12 ) and ZnPc (ref. 13 ) suggesting a stabilization plateau at Q = 2 common to MPc interfaced with metals as well as homogenous crystalline structures. On the other hand, the stabilization of the Q = 2 state seems to be much more significant at the metallic interface. Here the impossibility to induce higher charge states contrasts with the measurements of MPc bulk crystals, where a complete filling of the two-fold degenerate 2e g orbital with Q = 4 occurs at high doping concentration 11 . A key element for such difference is the role of the metallic substrate, which seems to act as a charge sink limiting the MPc uptake of electrons to Q = 2. The tendency of grouping dopants along one ligand axis observed in Fig. 5a is consistent with the inhibition of charge transfer to the β 2eg orbital, which is located on the opposite axis.
Long-range interactions between dopants and molecules
Electron doping of organic semiconductor complexes is usually achieved by co-deposition or postdeposition of alkali metals without accurate control of the final position of the dopant atoms. This can result in local stoichiometry variations, posing the problem of how the electronic structure of a single molecule is affected by dopants that might, or might not, be attached to it. In general, we observe no uptake of charge unless the Li atoms are directly attached to the molecules. This explains why alkali metal levels of the order of one dopant per molecule or larger are required to induce appreciable conductivity changes in organic semiconductors [3] [4] [5] [6] [7] [8] 20 . Despite the absence of charging, however, we report sizeable electrostatic effects on the conductance gap induced by Li atoms in the vicinity of MPc. Figure 6 shows the result of a manipulation experiment where a Li atom is gradually approached to a LiNiPc-L A complex from a distance r = 3 nm to contact (see inset). The conductance gap of LiNiPc-L A corresponds to the separation between the singly (α 2eg ) and doubly (α 2eg +U ) occupied states, indicated by arrows in Fig. 6a . We find that the gap increases as the Li atom approaches the molecule (Fig. 6b) , indicating that the excess charge induced by the Li atom to its surroundings affects the Coulomb repulsion of the molecular orbitals. Note that only the energy of the doubly occupied α 2eg + U orbital shifts in an appreciable way, suggesting that the higher charge state is more sensitive to Coulomb interactions. The spatial dependence is in line with a 1/r decay of the energy gap on a length scale of about 3 nm, which is similar to that reported for electrostatic interactions of Li adatoms on Ag(100) (ref. 37) , Cs superlattices on graphene 38 , and the lateral extension of charge densities induced by positive charges on metallic surfaces 39 . Such variations of the molecular orbital energies induced by proximity may be critical to reliably control electron injection and transport at metal-organic interfaces 1, 7, 9 .
Outlook
Understanding the interaction between molecules, dopants, and metallic interfaces with sub-molecular accuracy is key to the preparation of more efficient materials for organic optoelectronics 1 .
Our results, which are free of the averaging effects typical of photoemission and transport studies, provide a detailed understanding of chemically doped metal-organic complexes. The competition between π -and d-like charge transfer channels and strong electron confinement make the doping of metal-organic molecules far more complicated than for purely organic compounds 35 . However, as shown here, this complexity can be turned to an advantage and exploited to control the magnetism of the molecules, as the spin of either metal or ligand sites can be switched on or off by selectively doping different orbitals. Because the implementation of molecular spintronics relies on the ability to inject and manipulate charges and spins in metal-organic heterojunctions 40 , doped MPc provide an excellent example for promoting the use of doping beyond the realm of optoelectronics. Finally, the detection of single dopant properties in individual molecules and the ability to manipulate such dopants may be also foreseen as a first step for the realization of organic devices with magnetic and optoelectronic properties governed by ultimate discretization effects 41 .
Methods

Sample preparation and STM measurements. CuPc and NiPc molecules
were evaporated in ultrahigh-vacuum on single crystal Ag(100). The substrate was prepared by repeated sputter-anneal cycles using Ar + ions at an energy of 700 eV and annealing to 800 K. The molecules were deposited at a rate of ∼0.05 monolayers min −1 with the sample kept at room temperature, after degassing the 99% pure powder material (Sigma Aldrich) to 500 K for 24 h. The base pressure during evaporation was below 5 × 10 −10 mbar. In a second step, the alkali metals were deposited in situ at 4.8 K from SAES Getters sources. The STM measurements were carried out at a base temperature of 4.8 K. dI /dV spectra were measured using the lock-in technique, by modulating the bias voltage at a frequency of 3 kHz with rms amplitude of 3 mV. The dI /dV spectra are shown as measured, apart from that of NiPc (Fig. 4a ), for which it was necessary to subtract a background spectrum acquired on the bare Ag surface with the same tip and feedback conditions to remove electronic features due to the substrate and tip. The dI /dV maps were measured at constant current using 10 mV rms bias modulation. The manipulation of Li atoms was carried out by placing the STM tip on top of a single atom, lowering the tunnelling resistance down to 114-500 k (V b = −40 to −100 mV, I = 200-350 nA), and laterally moving the tip at a speed of 20 Å s −1 to the target site.
Ab initio calculations. The electronic structure of doped and undoped CuPc and NiPc molecules adsorbed on Ag(100) was calculated using the VASP implementation of DFT in the projector augmented plane-wave scheme. We used the local density approximation 42, 43 , which has been shown to give reliable results for MPc adsorbed on metals 30, 31 . We used a plane-wave cutoff of 300 eV. The calculated slab include five Ag atomic layers intercalated by seven vacuum layers
I. Rare LiMPc configurations
More than 75% of the observed LiMPc species correspond to the configurations L A and M described in the main text. In some instances, however, we observed different LiMPc configurations, which we report in Fig. S1 . The first case (Fig. S1a) corresponds to a configuration obtained after manipulating a LiCuPc-L A species. After trying to push the Li atom away from the molecule, this remained bonded to the aza-N site, as can be observed in the topographic image. Such configuration corresponds to the LiCuPc-L B complex obtained by DFT (see Fig. 2a ). Further attempts to separate this complex resulted in the diffusion of the whole molecule without changing the position of the Li atom relative to the Pc ring. This complex appears therefore to be stable and its electronic structure is very similar to LiCuPc-L A , as revealed by the dI/dV spectra shown in Fig. S1a .
A second case is that of a LiCuPc complex with the ligand axes rotated by 45º with respect to the high symmetry directions of the substrate rather than the usual ±30º common to both undoped and doped molecules (Fig. S1b) . A bright benzene ring is observed, indicating the presence of a Li ion similar to the LiCuPc-L A case. Here, however, the dI/dV spectrum is similar to that of LiNiPc-L A , corresponding to a charge transfer of Q = 1, rather than LiCuPc-L A with Q = 2. After lateral manipulation of the complex, the configuration changes to that of the stable LiCuPc-L A configuration with Q = 2 (not shown).
A third configuration of doped CuPc complexes exhibits a bright protrusion which is laterally shifted from the center (Fig. S1c) . The shift is of approximately 1 Å, as measured from the topographic profile of the image. The dI/dV spectrum is very similar to that of the stable LiCuPc-M species, indicating that charge transfer occurs through the d-states.
Finally, Fig. S1d shows an image of a fuzzy LiNiPc complex. The bright center and four-fold symmetry of the complex suggest that this is an M-type configuration. The unstability of this configuration, evidenced by the fuzziness of the image, is in full agreement with its large formation energy of about1 eV calculated by DFT for LiNiPc-M (see Table SI ). 
II. DFT calculations
Charge density maps
In the ligand-doped molecules (L) there is a clear correspondence between the position of the Li atom and the 2e g acceptor level that shifts below the Fermi level. This is also evidenced by the charge density maps calculated by DFT (Fig. S2, left) of the formerly degenerate 2e g orbital, which splits into a filled state localized along the axis containing the Li ion, and an empty state at higher energy along the orthogonal axis, as observed by STM. Note that empty states present an increased charge density at the Cu ion due to the energy overlap with the b 1g state (see Fig. 2e ). In contrast, the M configuration (right) retains the four-fold symmetry of the doubly degenerate 2e g state. 
STM topographic images
Topographic images of LiCuPc complexes have been simulated using the Tersoff and Hamman theory 1,2 using the method of Ref. 3 . A set of images obtained at -1.5 V for each configuration is displayed in Fig. S3 . Comparison between the calculated and experimental images allows discriminating between different configurations. For example, in the case of the alkali adatom interacting with a benzene ring, only the L A u configuration reproduces the double-lobe structure observed in the experimental images of the charged ring. This is also in agreement with the lower energy calculated for this configuration relative to L A 0 . Finally, the image calculated for the M configuration, with brighter intensity at the center, can be univocally associated to the doping of the metal site, consistently with the experimental results presented in the main text.
Charge transfer, magnetic moment and total energy
The values for the total energy, magnetic moment and charge transfer displayed in Fig. 2 are listed in Table SI for the undoped and singly doped molecules. It can be noted that the total charge is higher than that derived from the experimental dI/dV spectra. This overestimation is related to the intrinsic difficulty of DFT in treating electron correlation, especially in highly delocalized orbitals such as the 2e g π-orbital. [4] [5] [6] For the same reason, the spin related to the presence of unpaired electrons in this orbital is missing in the calculations. As a consequence, we consider only quantitative values obtained for the transition-metal site (TM), related to the localized d-orbitals. The charge evolution in the 2e g orbital is studied by following relative trends. For instance, the different charge states of the LiCuPc-L A u and LiNiPc-L A u complexes derived from the experimental data is reflected in the lower charge computed for the latter. 
III. Vibronic excitations
Electrons tunneling to a molecular orbital having relatively large lifetime can inelastically excite vibrational states of the same orbital. This is often the case for molecules deposited on insulating layers, as the molecular orbitals hybridize only weakly with the substrate, which leads to an extended lifetime for the transient state. Such vibronic excitations will appear in dI/dV spectra as equidistant peaks overlaying the actual molecular orbital resonance. [7] [8] [9] The energy spacing is equal to the energy of the excited vibration. The detailed analysis of the peak structures found below the Fermi level for all LiMPc-L A complexes shows a series of equidistant peaks. The energy of the vibrational excitation is found to be between 173 and 193 meV. Literature values for the C-C and C-N stretching modes lie exactly within this energy range (150-200 meV). 10 Furthermore, PES measurements for thin films of CuPc on HOGP 10, 11 and in the gas-phase 12 show a vibronic coupling of the HOMO of CuPc at the energy of 150 meV. We therefore interpret the multi-peak structure below E F as a vibronic progression inside the molecules. Its presence indicates an increase of the electron lifetime within the molecules, and hence a Li-induced decoupling from the substrate. 7 Figure S4 . Vibronic coupling in L A species. Fitting of the vibronic satellite peaks with Lorentzian functions: a, Example of the fit obtained for the singly occupied 2e g orbital in LiNiPc-L A . b, The energy separation obtained for the multiple peaks is around 170 meV in both LiCuPc and Li 2 CuPc species, and around 190 meV in LiNiPc.
IV. Atom-by-atom manipulation sequence
Although the LiMPc species form spontaneously by depositing Li atoms at low temperature, doping levels higher than one were rarely achieved due to the low coverage of Li required for the detailed study of individual molecules. Doping levels higher than two were studied for CuPc by using the STM tip to manipulate Li adsorbates. By laterally moving individual Li atoms one-by-one, up to six dopants could be introduced in the same molecule (see Methods for technical details). Figure S5 shows such a manipulation sequence including successful as well as failed doping attempts. We observed that dragging Li atoms towards the benzene rings yields L A configurations and that the molecules can rotate upon incorporation of dopants. We explored also the possibility of forming configurations with dopants occupying sites along the ligand axis orthogonal to that already occupied by other dopants. In such cases the molecule would rotate in order to incorporate the dopant in the same ligand axis (see doping with the 3 rd Li atom in Fig. S5 ). dI/dV spectroscopy measurements carried out in between manipulation events were found to induce diffusion or rotation of metastable configurations. This resulted in an internal rearrangement of dopants, as shown in Fig.   S4 for the case of Li 3 CuPc. In this case the dopants could even be accommodated in orthogonal axes.
However, this configuration proved particularly unstable, preventing us from performing spectroscopy measurements. The topography of the stable Li 4 CuPc to Li 6 CuPc configurations suggests accommodation of the Li atoms along the same ligand axis, consistently with the widening of the  2eg - 2eg gap observed in Fig. 5 .
